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FIELD OF THE INVENTION 

-fieldofthe— 
detected and quantified, directly or indirectly, on the basis P 
chemically modified solid material. 

RELATED APPLICATIONS 

• w«i tn co-oending provisional application serial 
The oresent application is related to co-penoingF 

The pre* ^ _ , qq7) entitled "Method for QuantitaUve 

<*— i, John W. M and ^ - * ^ is tocorporateo herein 

1598; Attorney Docket Number 6413-1HP1). irus VV 

by reference. 
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uv a mnrfina assavs " This broad class includes hybridization 
r>f heteroeeneous hgand binding assays, ima 

antibody, and the receptor assays used in high throughput screemng of 

pharmaceuticals. . 

When such assays are "scaled down" ,0 the m.croscop.c level ther .s a dear 
redu «io„ in .he cos, per test, related to the use of smaller quan,i,,es of the sorben, 
materials - ,he specific antibodies, nucleic acid probes, or receptor moWcu* . 
employed. Because these reagents must often have exo.uis.te seiectrvtty for the 

Tain of the total reagent cos, in convention, assay method, In add .on ,o ,he 
t reated reduction of cos,, micro-scale me*ods may facile parallel testing *, 
^Lana.ytesurasing.esamp.Sc^do^perrnitsmuUip.e.eststobeproW 

ooticallv within the constraints of conventional optical systems. 

..Multiana^Microspotlmmunoassay-Microanalytical 

Lure," CI*. Om 37(1 D, 1955-1967 (1991); development of » M„ « 

LyKR—icImmunoa^^ 

1 Chin, Act. M 7, 73-9S (19S9),, which has focused on the concept of am^ 
analyte" assay. Under ambient analyte conditions, the eaui.ibr.um number of analyte 

molecules present in solution. Such a regime minimally perturbs the analyte 
TncentratLinthe solution over the solid phase during „e course of anas^s 
approach has the theoretical advantage of perturbing minimally any equina «ween 
1 analyte and other sample constLuen,, for example, in a diag„os,.c a*ay ,t may be 
' "T. ... ™, K „,r„ion of a "free" d™g molecule in ,he presence of 

The "ambient analyte" assay also has the advantage of requiring nun.ma. « 
transport from solution ,0 the surface, and so makes minimal demands on th rees 

Lbie»,ana,y,eassa,shavebeenmode.edbyE W „setal.us,ngth mass 

sites provided on the solid support into ,he ,o,al liquid reagen, volume. M ,hese 
niptions.-amblentanalyteassay-conditionsaresaidtoexistlf.heb.ndmgs.te 
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"activity" is <0.01 K l , where K is the ligand binding affinity in liter mole - 1 . Ekins et 
al point out that reducing the area of the solid phase employed in an assay reduces also 
the background signals, which often limit the sensitivity of ligand binding assays. 
Although the "ambient analyte" approach tends to reduce signal by reducing the 
amount of analyte bound, the background reduction afforded by the use of microscopic 
solid phase regions permits the overall signal to background ratio to remain favorable 
to high sensitivity. 

The ambient analyte regime, by virtue of its low percent recovery of analyte, 
makes stringent demands on laser monochromaticity, optical filters, permissible stray 
light, and perhaps, most importantly, the permissible background from the solid phase 
itself Moreover, the practical concerns of analyte concentration and sample volume 
limits the total number of analyte molecules available for detection. Indeed, for some 
micro-scale applications, the entire amount of analyte available in the sample may be 
barely sufficient for practical detection above background. 

For the foregoing reasons there is a need for microscale assay methods having 
increased sensitivity for very low quantities of analyte. Preferably, the miniaturized 
binding assays will maximize the amount of analyte bound to a substrate for detection 
and quantification. Moreover, such scaled down binding assays should minimize the 
use of costly "sorbent materials' and permit more than one assay to be performed on 
the same sample volume. 

SUMMARY 

The present invention is directed to an assay method, an analyte binding array, 
and kits that satisfy the need for micro-scale binding assays having increased 
sensitivity for very low quantities of analyte. 

The binding assayibf detects analyte mass rather than analyte concentration, in 
a liquid sample. An array of sorbent zones is immobilized on a substrate. The sorbent 
zones include an analyte binding partner, which can be an oligonucleotide probe, 
antibody, or receptor molecule. When a defined volume of sample, believed to contain 
an analyte, is deposited on a sorbent zone, the analyte is substantially depleted from 
the sample to form an analyte capture complex with the analyte binding partner. 
Analytes of interest can include polynucleotide molecules, antigens, haptens, drugs, 
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and hormones. Generally, the analyte binding partner is present in molar excess 

relative to the analyte. 

I„ one embodiment of the present invention, the sorbent zones also contain a 
firs, binding partner attached to the substrate, wherein the firs, binding partner forms a 
nrs, binding compiex wi,h a conjugate. The conjugate comprises a firs, ligand and the 
analyte binding partner. The firs, ligand binds specifically with the first bindmg 
partner and the analyte binding partner can bind specifically with the analyte. A 
preferred embodiment utilizes avidin or steptavidin as the first binding partner, 
whereas the firs, ligand is biota. A most preferred versionuses biotinylated anfbody 

as conjugate. . 

The immobilizing step can be conducted by dispensing droplets usmg a pnnter 
je, to form the array of sorbent zones, wherein the volume of the droplets is about 80 pi 
to about 1 nl. Preferably, the immobilization step also includes covalen, a«achmen, of 

a binding partner to the substrate. 

The analyle capture complex is tagged with a fluorescent label and the sorben,. 
zone is illuminated with a laser in the absence of liquid. The fluorescent labels are 
preferably carbocyanine dyes, such as C y 5, BC,5, DBCyS, Cy7, BCy7, and DBCyT. 
Moreover, the tagging step is preferably conducted b, incubating the analyte capture 
complex with a labeled binding partner. The labeled binding partner has a fluorescent 
label, preferably a carbocyanine dye, and can also bind to the analyte capture complex. 
Most preferably, the labeled binding partner is an antibody. 

The illuminating step is preferably conducted by directing near mftared 
emissions from a laser source through a prism coupler, into «he substrate, thereby 
producing evanescent wave excitation of fluorescence. Fluorescence emissions are 
detected from any sorbent zone having an analyte capture complex tagged wtth a 
fluorescent label, thereby determining the analyte mass harvested from the defined 
volume of sample. 

Preferred substrates are selected from the group consisting of polycarbonate, 
polystyrene, polyethylene, polypropylene, and polymethylmethacrylate. Moreover, the 
substrate can be in the form of a film, sheet, strip, or microtiter plate. 

The assay can be optimized using a defined volume of sample from about 50 ul 
to about 500 pi. Preferably, the amount of the analyte binding partner immobu.zed m a 
sorbent zone is from 10 5 to about 10 12 molecules of analyte binding partner and the 
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Z ° ne ' J • of the assay is a multianalyte assay, wherein the array 

A most preferred version of the assay is a 

, i;tv of different analyte binding partners. The 

pr old with labded binding partner in addition to the array. 

DESCRIPTION OF THE DRAWINGS 

and accompanying drawings where. ^ ^ ^ 

FIG. 1 shows the computed TSH assay eq , anda 
., mW ent anaiyte assay" regimes (an antibody affmtty W 

vol „me of ,00 ^ are assumed; the mass assay assume ^ evan eL„, wave 
FIG . 2 shows a schematic diagram of the apparatus used 

nation and fluorescence ^ „ sing sotati ons of 

^==2.—^ 

a typicai CCD image of a -<=ro-array . nciibated ^ avidin 

FIG 4 shows dose response data for DBUi 
■ s.tdatashowdependenceonthevo.umeof.h.sampiedunng 

r^-— -r-..»c,, 
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10 6 molecules per spot (error bars indicate one standard deviation about the mean 

density of a 9-spot array); 

FIG. 6 shows reducing the number of spots gives increasing signal - further 
evidence of harvesting; computation using an equilibrium model indicates that any 

kinetic limitation is minor; 

FIG. 7 shows dose response curves for a IgG3 micro-array assay; specificity is 
observed for the IgG3 subclass relative to a control experiment with IgG4-class 
myeloma (data from a 3 hour incubation would lie within the indicated intra-aray 
standard error for the overnight incubations); 

FIG. 8 shows dose response curves of the IgG3 assay and the avidin-biotin 
system plotted against mass units; there is a limitation due to nonspecific binding on 
the IgG3 assay, but approximate agreement along linear portions of both curves 
approaching the maximum signal levels; 

FIG. 9 shows raw image data from the four-analyte human subclass assay; 
numbers over each micro-array column indicate the number of serial dilutions 
performed for each subclass during preparation of the four-component mixture assayed 
in a given image ("B" indicates blank); and 

FIG. 10 shows dose responses for the four human subclasses assayed 
simultaneously for each of eight "random" mixtures of human myeloma proteins. 

DETAILED DESCRIPTION 

I. Introduction 

Reduction of size offers many anticipated advantages to analytical methods, 
such as reduced costs, faster chemistry, and equivalent or improved sensitivity. The 

. . « . _ i* a u\*A\ry 0 accavc in which the analvte is 

present invention is directed to ugtmu umGxxxg ~s.d, - . . — 

quantified, directly or indirectly, on the basis of its specific affinity for a chemically 
modified solid material. This broad class includes hybridization assays for specific 
DNA sequences, immunoassay employing immobilized antigen or antibody, and the 
receptor assays used in high throughput screening of pharmaceuticals. In addition to 
the benefits noted above, the present invention provides a multianalyte capably wxth 
all analytes exposed to the solid phase simultaneously and measured simultaneously. 

Our efforts in "scaling down" assay technologies arose out of a desire to 
maximize the useful analytical signal from any given assay system. Specifically, our 
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experiments indicated ,ha, direct laser induced fh— <M*> « 
experiment methods mvolvlng 

greater dynamic range and simpi y hiolot[ j C al s which often limits 

,.,,„„ Rackaround fluorescence frombiologicais, wim.. 

near-infrared (NIR) region, where bio.ogicals are more optica^ ^ ' 
etal . V eanRfluorescence:ins.rumenmion,appBcation,and pl «fa»s. In.Burgess, 

. ~ :„ i QQV235-2461 Sensitivity using LIF in the nik. 
r„mnliance Amsterdam: Esevier, 1TO " J iH °> 

Compliance. Am ^tterina ftom the solvent (generally 

region was then limited principally by Raman scattering rr f „ ml , ltion 
region w« ach ieving efficient excitation of a solution 

water), and by the optical considerations of achieving 
volumeorsolidphasehavingdimensionsontiieorderofO.Stolcm. 

A solution to these problems was envisioned in the placement of the entire 
sohd ph^sorbent" for an assay in a microscopic volume, which could be efficient! 

„ ■ „ andouroverridingconcernwasthemaximteationofsignal. To achieve this 

ITortto.— by ~:r-ur 
analyte mass, to the extent possible, onto the microscopic measurement egion. 
assay regime, therefore, the microscopic »sorben," region acts as a sample 

, Thispresupposescuilibrationofthecapturereagentwitiithe 
liquid bulk, which will be addressed in the experimental section. 
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n. Mass Assay Theory 

Consider a TSH assay performed using the proposed "mass assay" method. It 
wil , be shown in the experimental section that our typical binding capacity in a smgle 
, 50 micron sorben, zone is on the order of 10» analyte molecu,es. If this zone were m 
contact with a 100 u. sample volume, the effective "concentration" of sorben, wou,d be 
1 7x!0-V. Note that this is 1-2 decades higher than the 0.01K" dictated by amb.en, 
amlyte" theory, since most optimized antibodies have K near W or 10 . 

xVN 0) 
K '(Ab,-x)(Ag < ,-x) 

Consider equation (!) in which N is Avogadro's number and x represents the 
number of molecules of antigen-antibody complex present in a system of volume V a. 
equilibrium, assuming an affinity constant K, with Abo and Ago- motes of antibody 
and antigen, respective*, present initially. Under "ambient analyte" condmons the 
complex would have little effect on the conation in solution and the vanable x can 
be dropped in the terms of the denominator. Assuming K - 10» liter mole , a volume 
of ,00 microliters, and 60,000 molecules of TSH available for assay (l«r mole hter 
■) 600 molecules would be bound and provide signal. In the "mass assay" method, 
equation 1 must be solved in quadratic form, and i, is found that a, equilibrium, 
roughly 38 000 molecules of analyte are bound, over 60% of the total analyte mass 
available. The absolute fluorescence signal expected from the "mass assay" is 60 times 
,ha, calculated from the guidelines proposed for "ambient analyte" conditions. The 
theoretical advantage in percent recovery is maintained at higher analyte 
concentrations, as indicated in FIG. 1. 

™ „„,„,. ,h~e models and discussion are predicated on the assumption that 
chemical equilibrium can be reached in microscopic-scate ligand binding assays under 
reasonable conditions. The formulation of thermodynamic chemical acfvmes m 
equation (I) using the total liquid volume clearly ignores the kinetic diffusive bamer 
beween the bulk solution and a microscopic sorben. region, which must operate m any 
real system. Certainly the mass assay method calls for the minimization of tire assay 
volume (by the avoidance of sample dilution) to facilitate maximum harvest of analyte 
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m. Samples and Analytes 

The binding assay of the present inventions can be adapted for use with a 
variety of liquid samples. Clinical samples, such as blood, serum, plasma, 
cerebrospinal fluid, or urine, are preferred. An analyte of interest that may be detected 
in the sample, is preferably a clinically relevant biomolecule capable of binding 
specifically with a binding partner, such as an oligonucleotide, antibody, or receptor 
molecule. Such analytes can include polynucleotides having a specific nucleotide 
sequence that is complementary to an oligonucleotide probe, antigens, haptens, drugs, 
and hormones. In preferred versions of the present invention, the analyte is an 
antigenic substance capable of binding specifically with a capture antibody. 

IV. Substrate 

The assay system of the present invention is conducted by first immobilizing 
"sorbent material" on a substrate or solid support. The solid support is preferably an 
insoluble non-porous plastic material or glass. Polystyrene is a preferred plastic 
material due to its optical transparency, high refractive index, and amenability to 
chemical coupling, but other polyolefins or acrylic or vinyl polymers could likew 1S e be 
used. For instance, polycarbonate, polymethylmethacrylate, polyethylene, and 
polypropylene are all suitable. The substrate can be in the form of a film, sheet, or 
strip which can be spotted with an array of droplets. Alternatively, the substrate can 
be particles or in a multiwell configuration, such as a microtiter plate, wherein liquid 
samples of defined volumes can be readily retained in spaced apart locations. When 
the illumination step of the assay is performed using evanescent wave excitation of 
fluorescence (explained in more detail below), the substrate is preferably a transparent 
mat erial having a high refractive index, most preferably a refractive index higher than 
water. 



IV. Sorbent Zones 

The sorbent zones of the present invention are discrete regions on the substrate 
where sorbent materials are localized. The sorbent materials can include ligands that 
can bind specifically with a binding partner. For example, ligands can include 
oligonucleotides, haptens, antigens, drugs, hormones, orbiotin.. Moreover, sorbent 
materials can also include the corresponding binding partners that bind specifically to 
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, ... KneraUv have conventional affinity constants on the order of about 

, • „t. The first binding can be any of the binding partners 

,k tin 15 liters/mole) of these sorbent materials with biotin. lneconjg 
binding (about 10 hters/moie; o ^ 
j - „ first uoand and an analyte binding partner. The tirst ug* 

dropie, voiume of around 80 picoiiters of soroen, matena, can b. d sp-* w 

• n f a W t 6%CVusingthermal/piezojetprint 1 ngmethods.Thed 1 ametero 

200 um. . . des i ra ble to 

Tn view of the microscale dimensions of sorbent zones, it 
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considerably higher than the 0.01K' value suggest by -anient ana,yte theor. 
Generally, a molar excess of analyre binding partner ,o analye .s preferred. S n« 
Lso f I;ana 1 y,eprese„UnacU„ica 1 sa m p.e W in t ypioa 11 ybein th era^ g e 0 fabou t 

V? ,o about 10- moiecu.es per 100 ul sample, a. ieas, abou. .0 molecuies and 
preferably as high as ,0» molecules of anaiyte binding partner wffl be .mmob.hzed 
wnhin a sorben. zone. Theoretically, a maximum number of analye bmdmg 
moleculeswouldbereachedwhenstericeffectsbegintodominate. Themos, 

Referred version of the present invention has abou, 10- to abou, ,0» molecules of 
anaiyte binding partner immobilized within a sorben, zone having a d,ame,er of abou, 

100 [im to about 200 \im. 

V. Arrays . 

Arrays of can consist of sorben,* zones of any number, pattern, des,gn, or 
geometry e.g., circles, lines, or an nx n number of spots. Preferably, arrays are an n x 
^of Lrben, zones, wherein n is ,he number of columns and m is ,he number of 
II The number of columns and rows can be adap,ed as needed ,0 a particular 
applicalion. Adequate spacing between t he sorben, zones is desirable to prevent cross 
contamination by assay reagems and ,o faci.i,a,e accura,e image ~ 
preferred version of me presen, invention ,he sorben, zones are ahgned m « 
wherein ,be vertical and/or horizon,al spacebtfween sorben, zones ,s abou, 500 urn 

Multianalyte binding assays can be conducted by constructing an array havng 
a plurality of sorben, zones, wherein ,he sorben, zones are divided into subsets of 
S orben,zones..Eachsubse,ofsorben,zonescanhavead i fferen,analy,eb I ndmg 

Tiers immobilized wi,hin ,he sorben, zones of ,he subset. The subsets may con arn 
* . . ..,„ ^....nnrnose of determining mean values and sampling error. 

identical soroem ^nw — r ~- r 

Alternatively, subsets having identical sorbent zones can be used to provrde a dose 
response c*ve for a particular anaiyte. Different subsets of sorben. zones havng 

from .he same sample. AprefertedversionofamuUianaiytebrndingassay^ch 
utilizes an array having subsets of sorbents zones is described in Examp.e m of the 
present application. In the Example, there are four subse.s of sorben. zone, Each 
Ise. hlfive identical sorben. zones, which ca^ me same monodona, antibody ,0 a 
single IgG subtype. Moreover, each subset of five identical sorben, zones utihzes a 
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different monoclonal antibody, each monoclonal antibody recognizing one of four 

different IgG subtypes. 

As will be apparent to one of skill in tne an, a vcuic^ 
binding arrays can be constated ,0 suit the particular purpose a. hand. For example, 
a blood sample can be screened for the presence of antibody or antigens .ndrcative of a 
variety of infectious agents, such hepatitis and human immunodeficiency vruses. 

VI Fluorescent labels 

The analyte mass harvested by the binding assay is tagged with a fluorescent 
UM for detection. Although any fluorescent dye may be suitabie, dyes tha, absorb 
and emit radiation within the near infrared (MR) region of the electromagnet, 
spectrum are preferred. The benefits of using MR fluorescent dyes as labels mclude. 

r*ere is vly low interference at. he MR wavelength of about ,50,0 1000 nm 
where only a few classes of compounds exhibit significant absorption or fluorescence; 

arsenide (Ga-Al-As) semiconductor laser diodes ,0 induce fluorescence; and (3) MR 

detection permits flexibility in selecting silicon photodetectors. 

Compounds that possess absorbance a. the lower MR (650-750 nm) mclude 

phthalocyanine and napthalocyanine dyes, metal complex dyes, triphenyl- or 
diphenylmethanes, azo dyes, omnones, and carbocyanine dyes. To our knowledge 
oruy one readily available group of molecules, tricarbocyanine dyes, are fluorescent n 
the higher MR (750 nm and above). The large molar extindion coeffic.ents and h,gh 
nuanl efficiencies of the cyanine dyes make them good candidates for applications 

using laser induced fluorescence. 

The most preferred cyanine dyes are the phthalocayanine, dicarbocyanme and 

tricarbocyanine dyes, including La ,o.la Blue, Cy5, BCy5, DBCy5, CyT^ BCy7, and 

DBCy7. The dyes are commercially available from Molecular Probes (Eugene, OR) 

and Amersham (Buckinghamshire, UK). 

in a preferred version of the present invention, the harvested analyte . tagged 
by attaching a labeled binding partner, as in the well known "sandwich assays" of tire 
prior art Methods of attaching fluorescent dyes to binding partners, such as 
oligonucleotides, receptors, or antibodies are also well known in the art. >n such a 
"sandwich assay ." the labeled binding partner preferably binds ,0 a portton of the 
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anaiy* ,ha« is no, bound ,o immobilized analyte binding partner. A- preferred 
vein of the present invention utilizes an antibody .abeied witb DBCy5 as the labeled 



binding partner. 



VTI Kits 

Kits may be conveniently assembled for use in conjuntion with the binding 
assay of the presen, invention. The kit ml. contain a substrate having an array of 
sorben. zones, preferably a multianalyte binding array, for harvesting 
sampie In addition, kits may inc.ude a, .east one container havng a labeled b nd.ng 
partner, for tagging the captured analy.es. Moreover, kits may include standard 
reagents, such as positive and negative controls, or pre-measured an^ytes for do* 
res onse curves. Such ki,s may also include buffers and blocking solutions ,ha, „ 
often used for intermediate assay steps, which reduce non-specific b.ndmg of sorben, 
materials. 

Vm Immobilization . 

The array of sorben, zones of ,he presen, invention can be created by stmple 
pipetting, by je, printing or photolithography. Although photolinking ,he sorben, 
„a,eJs though a mask may prove ,0 be a superior method of fabricating an array 
wi ,hi» narrowtolerances, a, presen, thermal/piezo je, printing isthe method of choK* 
for localizing sorben, zones. The sorben, ma,eria.s of the presen, invention such - * 
firs, binding partner, conjugal, or anaiy-e binding partner, are dispensed ,n droplets of 
about 60 pi ,0 about 1 nl and dry rapidly, generally within 30 seconds. 

Preferably, the first se, of sorben, materials dispensed on the substrate are 
attached cova.en.ly. MChods for covalentiy atiaching binding partners, such as 
ohgonucleotides, recep,ors, and antibodies, ,0 plastics materials is weU known ,n the 
art A preferred method of covalentiy attaching the firs, binding partner or analyte 
binding partner ,0 ,he substrate utilizes a photoactive linker molecule, such as the 
. JBStiA Technology commercially available from SurModics, urc. (Eden Prarne, 
-Mirmesca). The binding partner is derivatized with a pho,oactive linker, deposed on 
the substrate, and the dry spots are immobi.ized by UV irradiation. The covalen, 
Unkage of binding partners to the substrate elimi»a,es depletion of the sorbent 
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materials during subsequent washing steps and maximizes the signal generated from 
captured analyte. 

IX Analyte Capture & Labeling 

Conditions for harvesting most of the analyte from a sample volume can be 
optimized by the following factors. (1) utilizing sorbent materials having h lg h affinity 
constants, e.g. K A >10«> liter mole 1 , to give stronger binding; (2) minimizmg the 
sample volume; and (3) utilizing a large initial mass of analyte binding partner as a 
capture reagent. However, such optimization efforts are subject to "real world- 
limitations. For example, the affinity constants of commercially available binding 
partners directed to an analyte of interest may be less than optimal. Moreover, the 
sample volume cannot be decreased indefinitely without reducing the number of 
analyte molecules below a detectable level. In preferred versions of the present 
invention, we have found sample volumes from about 20 ul to about 500 ul to be 
suitable for analyte capture and detection. Finally, the initial mass of a capture reagent 
cannot be increased infinitely, because steric effects eventually dominate. 

Under the ideal assay conditions for harvesting analyte discussed above, our 
theoretical estimates indicate that at least about 60% of the analyte will be captured by 
a high affinity binding partner having a K A >10» liter mole \ This figure is well over 
the <10% reduction of analyte concentration recommended by Ekins et al. In the mass 
sensing assay of the present invention, the analyte is substantially depleted from the 
sample to form an analyte capture complex with a high affininty binding partner. 

In a similar manner, the signal obtained from the tagged analyte capture 
complex can be optimized by the use of a labeled binding partner having a relatively 
high affinity constant. Moreover, the signal may be further enhanced if a plurahty of 
fluorescent dye molecules are attached to the specific binding partner. For example, 
the DBCyS-labeled antibody used in the following examples had about 2.8 molecules 
of DBCy5 per antibody molecule. 

in practice, however, problems may arise when non-specific binding 
contributes a higher noise level, thereby decreasing the sensitivity of the system. In 
Example HI, such problems with high background leve!s decreased the sensitivrty of 
the assay to about 10« molecules of analyte. Fortunately, this is within limits suitable 
for many clinical application, Further optimization efforts to reduce non-specfic 
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closer to a lower limit of about 
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binding will likely increase the sensitivity of the assay 
,0' moleou.es, as in .he avidin-biotin mode, system. 



X ntomination • „ a ,.<« source to produce laser- 

Typically the arrays are illummated usmg a laser sourc P 

radiant sensitivity of silicon detectors.. 

XI. Image Detection „«.;«« a Peltier-cooled CCD detector 

than confocal optics. Evanescent w description 
t „e source and detector for fcrther background red ^ A mo 

follow e-ple, Quanta analysis of J 
as described earlier in co-pending prov,s,o„al application se 
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which is incorporated by reference. 

EXAMPLES 
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Materials and Methods 
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Materia^ 

Chemical Co., Rockford, tt.) was employed, although 
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diffe rences^^ 

streptavidin or avidin were substituted. dicarboC yamne 
The fluorescent NIR dye chosen for this work, DBCY5 is 

ThedvewasbiotinylatedbyreactionofitsN- 

coated m.crot,ter plate (Her biotiny l a ted material. In this manner, 

fluorescence of the solution after removal of al btonny ^ 
it was determined that WK of the * monies 
A second procedure Involved the conventional assay of h^nus r« 

solution into a previously disassemoie pv. A 3" x 3" sheet of 

precleaned polystyrene film havng 1 m,l tfacfaw ( 

— ^:r::r^-— ednumher 

131™ 2 Briefly.imagingdetectionoffluo.scenceftomthe 
zones is shown in nu. i. came ra (Princeton 
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Irvine, C A) and appropriate excitation and emission filters (Omega Optical filter set 
XF-48 Omega Optical, Brattleboro, VT) to detect isotropic emissions from the film. 
Evanescent wave excitation of fluorescence from the printed zones was realized by 
launching filtered emissions at 670 run from a GaAlAs diode laser (Lasiris, Inc., 
Quebec, Canada) into the film using a prism coupler of our own design. Quantitative 
analysis of the resulting 16-bit image data was performed using an automated macro 
driving the intrinsic functions available in a commercial software package (ImagePro 
3 0 Media Cybernetics, Inc., Silver Spring, MD). 

An assessment of the sensitivity and reproducibility of the printing and 
measurement processes was made by printing standard solutions of underivatized 
DBCY5 dye, then constructing dose response curves from the reduced image data. As 
shown by FIG. 3, the imaging system has a mass detection limit of approximately 10 
DBCY5 molecules per printed zone. Volumetric precision of the Inkjet printer is such 
that one standard deviation about the mean of spot intensities in a 9-spot array is 
approximately 6%. The limit of detection is imposed by a background that is a 
combination of residual spurious long wavelength emission from the diode laser and 
Raman scattering from the polystyrene film. 

Arrays of immobilized avidin spots were prepared by printing a solution of 1 
mg/ml NeutrAvidin in buffered solution. This concentration is higher than typically 
used for the coating of mictotiter plate wells, but is understandable on the basis of the 
very different volume-to-surface-area characteristics presented by the microscopic 
experimental scale. The printed spots dry within 30 seconds of deposition, leaving a 
visible solid residue which permits visible examination of the array and gross 
verification of printer function. For non-covalent immobilization, a 50 mM carbonate 
- nil * 7 wflS used for orintingf For covalent immobilization, the buffer was 50 
mM phosphate buffered saline at pH 7.4. Covalent immobilization was achieved by 
derivatization of NeutrAvidin with a commercial photolabile linker moiety. Following 
printing of this NeutrAvidin-linker conjugate, covalent immobilization was obtained 
by exposing the dry printed arrays to light from a UV source (Dymax 2000EC, 
Torrington, CT) for three minutes. Subsequent experience with dry avidin arrays has 
indicated that these materials are stable under refrigerated vacuum dessication for at 
least six months. 
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****** prior to use, printed anays were washed .0 remove any loosely 

bound avidia This washing was accomplished with a 0.2% solution of 

T ^- 2 0inphos P ha t ehu ff ered S aUne,pHr4.Msa y o f b i o,m.DBCV 5 was*e„ 

DBC Y5-biotin conjugate diluted in PBS* Incubation times were van* from B 
minutes to overnight, using a microtiter plate shaker (Lab Line, Inc., Me, se Pa*, -L) 
or rotating whee. (Glas-Col, Terre Haute, IN) depending on the sample volume under^ 
tudy Flowing the incubation, the PBS rt wash was repeated ,0 remove free DBCY5 
aUr .ooseiy bound DBCYS-biotin. A final rinse in deionised water was performed 
:!lvebuL saUsfromthefrlrnpriorto drying. The arrays were then dned using 
an inert gas duster and imaged within one hour for quantitative analysis. 

immunoassay of the human IgO subclasses was performed usmg boated 
mo „oclonal amibodies (Cones HP-609!, HP-6014, HP-6050, and HP6025, Sigma 
Chemical Co , St. L*uis, MO) hy a protcxo, derived from that of Hamilton, « * 
"don, antibody-based immunoenzymetric assays for quantiflca ou of human 
g G and its four subclasses - , «"-296 (!*«,). Ant,body arrays 

were generated either by incubation of avidin printed arrays with an excess of 

arrays The arrays were then washed and bioCced with a 5 mg/ml solution of BSA 

myeloma proteins (Sigma Chemica, Co., St. U>uis, MO) diluted ,n 1 mg/m. BSA. 
Lys were then washed, and incubated for one hour with poiycionai mouse ant,- 

„h w«t Grove PA) labeled with approximately 
human IgG (Jackson Immunoresearch, West Grove, " ' 

,t.~k, Einallv the arrays were washed, dned, ana 
2.8 DBCY5 molecules per antibody. Finally, tne anay 

imaged as done in the avidin/biotin system. 

EXAMPLE I 

Biotin/ Avidin Binding System 
HO 4 shows typical dose response curve results obtained by titration of 9-spo, 
, avidin arrays with four different fixed volumes of DBCY5-biotin sohition £«db, 
serial dilution. The mean CCD pixel intensity computed from the imaged fluorescent 
spots tracks dye-biotin concentration in the quantitative manner expected from 
rentiona, inding assays. The data in FIG. 4 reflects one hour incubation time. 
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although signal was observed to increase with incubation times from rn.nu.es o 3 
I! signL after , 5 hours of incubation were found to be on.y slightly tag er than 
r^hours. AstandardincubationtirneoftbreehourswastKerefore adoptedfor 

maximum sensitivity (FIG. 5b> ^ . $ ^ fcy 

In the mass sensing micro-assay iormcu, ma 
maximizingtbefunctionaUnalytebindingcapaci^perunitarea. Doseresponse 

Tes from noncovalently immobilized avidin arrays exhibit a relative.* low density 
^dingsitesrelative^^^ 

1 also ound to be susceptible ,0 desorpuon and loss of capture reagent dunng w»sh 
Iteps with surfactant (0.2% Tween-20, Pierce Chemical CO., Rockford, IL) 

rL results » - * "° nC0Va,ent " „ s in 

talent imntobilization methods. ■Cing covalen, immobilization, » 

ar^iyte on the printed arrays is faciiitated by the high .oca. concentrate of btndtng 

si -Tr:rr2:r: f an— 

that the dry residue composing one spot hasavoium 
placing an upper hmit on the mass of avidin of roughly 190 picograms per spot 
Ilg 1 avidin mo.ecule occupies 6 nm> in the dry matrix. Since appr— V 
1W) picograms of avidin was deposited per spot in the AFM study (100 picohters of 1 
JL solution), the APM experiments indicate that most of the av,d,n mass acbaa y ^ 
Tied is cova.en.ly incorporated into the spot -structure" The printed avrdtn spots tn 

found to have a binding capacity on the order of U? dye-biotin molecules per spo, 
eauiva.cn, to roughly .00 picograms of avidin per spot asking one btndmg s.,e per 

and two active sites are present per avidin molecule after printing — - 
, Note that the signal levels in FIG. 3 result from higher laser power and cannot be used 
to quantify binding capacity by comparison with FIGS. 5a and 5b. 

If the printed volume is increased from .00 picoliters to . nanohter, the spot 
diameter roughly doubles, to 200 microns. Titration of these larger spots w,.h 
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DBCY5-biotin then indicates a functional binding capacity on the order of 10 10 dye- 
biotin molecules bound per printed spot, or roughly 3500 ng/cm 2 , assuming one 
binding site active per avidin molecule. This binding site density is roughly 20 tunes 
higher than the 130 to 150 ng/cm 2 typically specified for commercial avidm-coated 
polystyrene microtiter plates, probably because of the complex topology of the printed 
spots. 

The inflection points of the titration curves obtained from these 200 micron 
spots show dependence on the volume of the dye-biotin solution present during the 
three hour incubation (FIG. 4). As the volume of dye solution in contact with the 
arrays is increased from 150 microliters to 5 milliliters, the titration curve shafts along 
the dye-biotin concentration axis toward lower concentrations. If the data are plotted 
as a function of the total analyte mass present, rather than concentration, the data are 
found to agree to within the standard deviation about the mean pixel image intensity of 
the nine spots in each array (FIG. 5). The printed avidin arrays respond to analyte 
mass not to concentration, because they have sufficient affinity and binding capacity 
to significantly deplete the solution of dye-biotin as the solution volume is reduced. 
The functional detection limit for DBCYS-biotin can be arbitrarily defined as the dye- 
biotin concentration that yields a mean spot fluorescence intensity in a 9-spot array at 
least 3 standard deviations above the mean of a "blank" array incubated for three hours 
with standard PBS/0.2% Tween solution. This functional detection limit is 
encountered when the initial dye-biotin solution provides a mass on the order of 10 
molecules of dye-biotin per spot. This limitation is imposed by the spectroscopic 
background characteristic of the instrumentation used, as indicated in FIG. 3. 

If the number of avidin spots per array is varied in such a mass-sensing array, 
the law of mass action would imply that the density of analyte bound per spot should 
vary inversely with the number of spots present. When fewer spots are printed per 
array the total analyte mass present during incubation is collected onto fewer spots, 
leading to increased signal from any one spot. FIG. 6 shows experimental results from 
three hour incubations in which 100 microliter aliquots of 5xl0 10 M DBCY5-biotin 
solution were in contact with arrays having 1, 9, 25, 49, or 70 spots. Also shown on 
the plot is the signal predicted by quadratic solution of the mass action law, assuming 
an affinity constant for avidin of lO^M 1 a binding capacity of 10 w biotin-dye 
molecules per spot, and a mean fluorescence image intensity of 10* at binding site 



+ 
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wir « The experiment confirms the mass-sensitive nature of the 
ejected based on thermodynamic considerations alone Microscope 

regime while using conventional incubauon tunes on the order 

EXAMPLE II 

Assay of Human IgG3 
* avidin-biotin system described was extended ,0 the assay 

. . , ti ™ FIG 7 shows a dose response curve resulting from assay 

1 itivit, The detection limit for IgG3 (arbitrary defined as me mterpo ated lg O 

concentration providing about 3xl0 8 molecules of Ig03 per array spo 

ng/ml using a monodonal antibody having an 8-fo,d higher affimty for IgG3 (HP 

ng/ml, g ^re-array Ig03 assay employmg the 

6047. Based on equiubi.u... — s.~.-i~ . v.i .„.k.FTTSA. 
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Ihe maximum ^ & Anoarentlv any stenc 

,evel. This agreement . consistent w, ^ ^ 

sensing regime, despite the reduced affimty (10 M ) wne 
avidin/biotin system. 

EXAMPLE HI 

MuUian^elmmunoassayoftheFourHumanlgGSub^ ^ 
antibody solution to form arrays m whtch each olu 

:r:rc^;;rjr U sean„ 

7 • i from all four assays simultaneously. The image aata tor u» — 
to develop signal from all tour iwy intensity along each 

rcir Q^shows qualitative dependence between spot intensity aio g 

analyte array (FIG. 9) shows qua fa ^ 5Q 

o response curves (FIG. 10) tor eacn .,„„, „ ro ,ein concentrations in the 

coUnnn of the micro-array is plotted against the mye oma P-« 

mixture, -teaion.imi^ 

appear to be similar to the 10-20 ng/rnl observed m the smgle co 
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Evidence for subclass specificity * - * - P« «—*- ^ " 

c nintted versus myeloma concentrations for the 
data from a micro-array column is plotted versus my 

encountered inthe je, printing of multiple analy.es. The low o 

drying. Stability of dry priced muKiana.y.e arrays exceed one month 

t he particular antibodies —ed, bu, has heen « ^th a commercial 

spots specific for IgG3, lgG4, win w „. • i r« St Louis MO). 

• hoth T 2 G3 and IgG4 (clone HP6017, Sigma Chemical Co., St. Louis, M ) 
recognizing both IgLri ana igvjt v 

These experiments demonstrate intra-array competition, w,,h the IgG3 and IgG4 

These expenmc nrP e enC e of the spots recognizing 

••total" IgO. This effect would not be seen .f the sample so 

multianalyte array assay are being enhanced by harvesting 
analyteontheprintedspo, 

mass-sensing multianalyte arrays designed to sense total g 

subclasses. arrav assa v format depends on a high density 

Although the mass-sensmg micro-array assay tormax p 

(noncovalent) plate coatmg to yield a securely 

well. This potential cos, savings may be important in many appl.cat.on, 
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Conclusions 

I, has been shown that jet printed spots of reagent having diameters of 100 to 
200 miorons can be prepared using soiutions of avidin or antibodies which retam 
specificity and affinity for their targe,, When binding site density is maxtnnied, and 
biding sites are present in excess, the spots can effective* dep.ete anaiyte from talk 

of analy.es maximizes signal to background ratios, and permits the de.ect.on of 10 or 
fewer anaiyte molecuies by direct fluoresce detecuon, withou, resor, ,0 en^me 
amp.if.ca.ion. In this regime, .he de.ec.ed signa! depends upon the «rf analy* mas, 
in a sampie, ra.her than i.s concen.ra.ion. Once ana,yte molecu.es are bound by .he 
micro-array, .hey are unite resistant to loss during wash steps, ev.den.ly because they 
experience a high ^concentration of binding sites. A simple immunoassay of 
IgG 3 using the mass-sensing micro-array approach has demonstrated sensrtmty eo.ua. 
to a conventional ELISA p.ate assay, and has been extended to a simultaneous 
mu.tiana.yte assay of the four human IgG subclasses in a single 50 — 
ahcuot. Detection limits of the micro-array assay are consistent wth the pubhshed 
sensitive of convendonai pla.e assays using similar immuno-reagems and P ro.ocoK 
Tespite ,he fac. .ha, the micro-array approach retires as li«,e as ./.000 ,he anUbody 

mass of convemiona. microtia pla,e assays using coated wells. 

Although the present invention has been described in considerable deta,l w«h 

reference ,0 certain preferred versions thereof, other versions are possib.e. Therefore 

the spirit and scope of the appended Cairns shou.d not be Umited ,o the preferred 

versions contained herein. 



